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$(r, \theta, \phi)$ Hill $\mathrm{u}_{H}=(u_{H}, v_{H}, 0)$ )
$u_{H}=\{$
$u(1- \frac{a^{3}}{r^{3}})\cos\theta\equiv u_{H}^{+}$ , $(r>a)$
$- \frac{3}{2}U(1-\frac{r^{2}}{a^{2}})\cos\theta\equiv u_{\overline{H}},$ $(r<a)$
(2.1)
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$v_{H}=\{$
$-U(1+ \frac{a^{3}}{2r^{3}})\sin\theta\equiv v^{+}H’(r>a)$
$\frac{3}{2}U(1-\frac{2r^{2}}{a^{2}})\sin\theta\equiv v_{\overline{H}}$ , $(r<a)$
(2.2)
. , $a$ , $U$
–
. $t=0$ , Hill $S$ 3
. $S(t)(t>0)$ $\epsilon$
,
$r=a(1+\epsilon h(\theta, \phi, t))$ (2.3)
. , $S(t)$ $\Omega_{+}$ , $\Omega_{-}$ ,
, $t>0$ $\mathrm{u}$
$\mathrm{u}(r, \theta, \phi, t)=\mathrm{u}H(r, \theta)+\epsilon \mathrm{u}^{\pm}(r, \theta, \emptyset, t)$ in $\Omega_{\pm}$ (2.4)
. , $\mathrm{u}^{\pm}$ .
, $a$ , –
$U$ , $\rho$
.




$\mathrm{u}^{+}$ . , $\mathrm{u}^{+}$ ,




$\Phi(r, \theta, \phi, t)$
.
$\Phi(r, \theta, \phi, t)=n\sum\sum_{==1m0}(\infty nA_{n}e(m)t\mathrm{Y}^{e}nm(\theta, \emptyset)+A_{nm}o(t)\mathrm{Y}_{nm}O(\theta, \emptyset))(\frac{1}{r}\mathrm{I}n+1$ (3.7)
,
$\mathrm{Y}_{n\dot{m}}^{e}(\theta, \emptyset)=\cos m\phi Pm(nz),$ $\mathrm{Y}_{nm}^{O}(\theta, \phi)=\sin m\phi P_{n}m(z),$ $z=\cos\theta$ .
, $P_{n}^{m}(Z)$ Legendre . , (3.7)
$m$ .
, $\Omega+$ $\mathrm{u}^{+}=(u^{+}, v^{+}, w^{+})$ ,
$\{$
$u^{+}=$ $\frac{\partial\Phi}{\partial r}$ $=- \sum_{n=1}^{\infty}\sum_{=m0}(n+n1)Anm\mathrm{Y}_{nm}(\frac{1}{r})^{n+2}$
$v^{+}=$ $\frac{1}{r}\frac{\partial\Phi}{\partial\theta}$ $= \sum_{n=1}^{\infty}\sum_{=m0}A_{nm}n\frac{\partial \mathrm{Y}_{nm}}{\partial\theta}(\frac{1}{r})^{n+2}$
$w^{+}= \frac{\mathrm{l}}{r\sin\theta}\frac{\partial\Phi}{\partial\phi}=\sum_{n=1m}^{\infty}\sum^{n}=0\frac{A_{nm}}{\sin\theta}\frac{\partial \mathrm{Y}_{nm}}{\partial\phi}(\frac{1}{r})^{n+2}$
(3.8)






, , 3 ( , )
, $\mathrm{u}^{-}$ . ,
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$\Omega_{-}$ , 3 Euler
.
, $\Omega_{-}$ $p(r,$ $\theta,$ $\phi,$ $t\mathrm{I}$ , $p_{H}^{-}(r, \theta)$ Hill
,
$p(r,\theta,\emptyset,t)=p-H(r,\theta)+\epsilon p-(r,\theta,\phi,t)$ (4.9)
. , $p^{-}$ .
, $\Omega_{-}$ ,




, $\epsilon$ 1 ,
$\frac{\partial u^{-}}{\partial t}=-3r\cos\theta u^{-}+\frac{3}{2r}(1-3r^{2})\sin\theta v-+\frac{3}{2}(1 - r^{2})\cos\theta\frac{\partial u^{-}}{\partial r}$
$- \frac{3}{2r}(1-2r^{2})\sin\theta\frac{\partial u^{-}}{\partial\theta}-\frac{\partial p^{-}}{\partial r}$ (4.11)
$\frac{\partial v^{-}}{\partial t}=-\frac{3}{2r}\sin\theta u^{-}+\frac{3r}{2}\cos\theta v-+\frac{3}{2}(1-r2)\cos\theta\frac{\partial v^{-}}{\partial r}$
$- \frac{3}{2r}(1-r^{2})\sin\theta\frac{\partial v^{-}}{\partial\theta}-\frac{1}{r}\frac{\partial p^{-}}{\partial\theta}$ (4.12)




. , $\mathrm{u}^{-}=(u^{-},$ $v^{-},$ $w^{-)}$ . , ,
$\frac{\partial u^{-}}{\partial r}+\frac{2u}{r}+\frac{1}{r}\frac{\partial v^{-}}{\partial\theta}+\frac{\cot\theta v^{-}}{r}+\frac{\mathrm{l}}{r\sin\theta}\frac{\partial w^{-}}{\partial\theta}=^{\mathrm{o}}$ (4.14)
. , (4.14) , (4.11) $\sim(4.13)$ ,









$\frac{1}{r^{2}}\frac{\partial}{\partial r}(r^{2}\frac{\partial p^{-}}{\partial r})+\frac{1}{r^{2}\sin\theta}\frac{\partial}{\partial\theta}(\sin\theta\frac{\partial p^{-}}{\partial\theta})+\frac{\mathrm{l}}{r^{2}\sin^{2}\theta}\frac{\partial^{2}p^{-}}{\partial\phi^{2}}=F(r, \theta, \phi)$ (4.15)
, $F(r, \theta, \phi)$ ,
$F(r, \theta, \phi)=-12\sin\theta v^{-}-9r\cos\theta\frac{\partial u^{-}}{\partial r}-3r\sin\theta\frac{\partial v^{-}}{\partial r}+12\sin\theta\frac{\partial u^{-}}{\partial\theta}$ (4.16)
. , $u^{-},$ $v^{-},$ $w^{-},p^{-}$ $(4.11)\sim(4.13)$ , , (4.15)
.
, $\mathrm{u}^{+}$ , $u^{-},$ $v^{-},$ $w^{-}$ $p^{-}$ , $\Omega_{-}$
, $Y_{nm}(\theta, \phi)$ , .
$u^{-}(r, \theta, \phi, t)=\sum_{n=1}\sum_{m=0}unm(r, t)\mathrm{Y}_{nm}(\theta, \phi)$ , (4.17)
$v^{-}(r, \theta, \phi, t)=\sum_{n=1m}^{\infty}\sum_{=0}vnm(nr, t)^{\frac{\partial \mathrm{Y}_{nm}(\theta,\phi)}{\partial\theta}}$, (4.18)
$w^{-}(r, \theta, \phi, t)=\sum_{n=1m}^{\infty}\sum_{=0}^{n}\frac{w_{nm}(r,t)}{\sin\theta}\frac{\partial \mathrm{Y}_{nm}(\theta,\phi)}{\partial\phi}(\frac{1}{r})^{n+2}$ , (4.19)




$u_{nm}(r, t)\mathrm{Y}_{nm}(\theta, \phi)=u_{nm}^{e}(r, t)\mathrm{Y}_{nm}^{e}(\theta, \phi)+u_{nm}^{O}(r, t)\mathrm{Y}_{nm}o(\theta, \phi)$ etc.
(4.17), (4.18), (4.19), (4.20) (4.11), (4.12), (4.13) ,
$\cos m\phi$ sin $m\phi$
$\phi$ $0\sim 2\pi$ , $\partial u_{nm}^{e}/\partial t$
( [2] ).







, $P_{n}^{m}(z)$ , Legendre





$+ \frac{3}{2}(1-r^{2})(\frac{n-m}{2n-1}\frac{\partial u_{n-1}}{\partial r}+\frac{n+m+1}{2n+3}\frac{\partial u_{n+1}}{\partial r})-\frac{\partial p_{n}}{\partial r}$ . (4.21)














$( \frac{v_{n-1}}{r}+\frac{\partial v_{n-1}}{\partial r})-\frac{(n+2)(n+m+1)}{(n+1)(2n+3)}$
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$( \frac{v_{n+1}}{r}+\frac{\partial v_{n+1}}{\partial r})]+\frac{1}{r}\frac{(n-2)(n-m-1)(2n+1)}{(n+1)(n+m)(2n-3)}p_{n-}2$
$- \frac{1}{r}p_{n}$ , (4.22)
$\frac{\partial w_{n}}{\partial t}=\frac{3}{2}r(\frac{n-m}{2n-1}w_{n-\iota}+\frac{n+m+1}{2n+3}w_{n+)}1$
$- \frac{3}{2}(\frac{1}{r}-2r\mathrm{I}\{\frac{(n-2)(n-m)}{2n-1}w-n-1\frac{(n+3)(n+m+1)}{2n+3}w_{n+1}\}$
$+ \frac{3}{2}(1-r^{2})(\frac{n-m}{2n-1}\frac{\partial w_{n-1}}{\partial r}+\frac{n+m+1}{2n+3}\frac{\partial w_{n+1}}{\partial r})-\frac{1}{r}p_{n}$. (4.23)
, $m$ , $n\geq m$
$n$
. , ,
$m$ , $u_{nm}^{e},$ $u^{O}nm$
, , , $u_{nm}^{e},$ $u_{nm}O$ $u_{n}$
. , (4.22) ,
$\partial v_{n-2}/\partial t$ ,
$m$ , $n\geq m+1$ $n$
. , \partial v7/ , [2]
(2.20) $z$ $-1\sim z$ .
$P_{m}^{m}(z)$ $z$ $-1\sim 1$
,
$\frac{\partial v_{m}}{\partial t}=\frac{3}{2}(\frac{1}{r}-6r)=\sum_{nm}^{\infty}\alpha un+m\frac{3}{2}(n-1r2)\sum_{n=m}^{\infty}(\frac{2m+1}{2m+3}\delta_{n,m+1}-\alpha_{n}^{m)}$










, $p_{n}(r, t)$ , (4.15) (4.20) ,
,
$\frac{1}{r^{2}}\frac{d}{dr}(r^{2}\frac{dp_{n}}{dr})-\frac{n(n+1)}{r^{2}}p_{n}=f_{n}(r)$ , $(0<r<1)$ (4.27)
.
, $f_{n}(r)$ ,
$f_{n}(r)= \frac{(n-1)(n-m)}{2n-1}(12u_{n-1}-12v_{n-1}-3r\frac{\partial v_{n-1}}{\partial r})$
$- \frac{(n+2)(n+m+1)}{2n+3}(12u_{n+1}-12v_{n+1^{-}}3r\frac{\partial v_{n+1}}{\partial r}\mathrm{I}$
$- \frac{9(n+m+1)}{2n+3}r\frac{\partial u_{n+1}}{\partial r}$. (4.28)
. (4.27) – ,
$p_{n}(r)=ar^{n}+br^{-}+(n+1) \frac{r^{n}}{2n+1}\int_{1}r(n-1)d-\frac{r^{-(n+1)}}{2n+1}r^{-}f_{n}(r)r\int_{0}^{r}r^{n+}2fn(r)dr$
$.(4.29)$








$\mathrm{u}=\mathrm{u}_{H}+\epsilon \mathrm{u}^{\pm}$ and $p=p_{H}^{\pm}+\epsilon p^{\pm}$ in $\Omega_{\pm}$ (5.30)





. , $p_{0}$ .
. $\mathrm{u}=(u, v, w)$ , $u$ $\epsilon$ 1
,
$u^{-}(1, \theta, \phi, t)=u+(1, \theta, \phi, t)$ . (5.33)
,
$u_{n}(1, t)=-(n+1)A_{n}(t)$ . (5.34)
, $v$ ,
$h(\theta, \phi,t)=1\infty-:-4\overline{\angle 1}(v^{-}(1, \theta, \phi, t)-v+(1, \theta, \phi, t))$ . (5.35)
, $w$ ,
$w^{-}(1, \theta, \phi, t)=w+(1, \theta, \phi, t)$ . (5.36)
,
$w_{n}(1, t)=A_{n}(t)$ . (5.37)
. , $A_{nm}$ , $A_{n}$ .
$P$
$\partial p/\partial r$ , r=l+\epsilon , $\epsilon$
1 ,
$p^{-}(1, \theta, \phi, t)=p^{+}(1, \theta, \phi, i)$ , (5.38)
$\frac{\partial p^{-}(1,\theta,\phi,t)}{\partial r}=\frac{\partial p^{+}(1,\theta,\phi,t)}{\partial r}-\frac{45}{2}\sin^{2}\theta h(\theta, \emptyset, t)$ (5.39)
. $\frac{\partial p_{n}^{-}(1,t)}{\partial r}$ ,
$\frac{\partial p_{n}^{-}(1,t)}{\partial r}=-(n+1)p_{n}-(1, t)+C_{n}(t)$, (5.40)
. , $C_{n}(t)$ ,
$C_{n}(t)=- \frac{3(n-1)(n-m)}{2n-1}v_{n-1}^{-}(1, t)+\frac{3(n+2)(n+m+1)}{2n+3}v_{n}-+1(1, t)$
$+ \frac{3}{2}\frac{(3n-1)(n-m)}{2n-1}w^{-}-1(n1, t)$
$+ \frac{9}{2}\frac{(n+2)(n+m+1)}{2n+3}w_{n}^{-}1(+1, t)$ . (5.41)
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. (5.40) , $\Omega_{-}$ $p^{-}$
$p_{n}$ ( , (4.27))








, $t>0$ $h(\theta, \emptyset, t)$ (5.35)
$h( \theta, \phi, t)=-\frac{2}{15}\sum_{n=m}(\infty v(n1, t)-w(n1, t))\frac{dP_{n}^{m}(z)}{dz}\cos m\emptyset$ . (6.43)




$\frac{D}{Dt}(r-1-\epsilon h(\theta, \emptyset, t))=0$ , (6.44)
. , $\epsilon$ 1 ,
$\frac{Oh}{t}=u^{-}(1, \theta, \phi, t)+3\cos\theta h+\frac{3}{2}\sin$ $\theta\frac{\partial h}{\partial\theta}$ . (6.45)
. , (6.45) , (6.43)
. ,
$u^{-}(1, \theta, \emptyset, t)=\sum un=m\infty n(1, t)P^{m}(n\cos\theta)\cos m\phi$ . (6.46)
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. (6.48) $n\geq 1$ , $\frac{1}{4n(n+1)}$
. (6.47)
$h=- \frac{1}{5}-2A2(.t)\mu+\frac{\mathrm{c}\mathrm{o}\mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}_{\mathcal{T}}^{2}}{5\mathrm{t}\mathrm{h}\tau}\frac{d}{d\mu}\sum^{\infty}n=3(\mathrm{t}\mathrm{h}\mathcal{T})^{n_{P}}n(\mu)$
$=- \frac{1}{5}-2A_{2}(t)\mu$ $+1/5\mathrm{c}\mathrm{o}\mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}^{2_{\mathcal{T}}}1(1-2\mu \mathrm{t}\mathrm{h}\tau+\mathrm{t}\mathrm{h}^{2}\tau)-3/2$
$-1-3\mu \mathrm{t}\mathrm{h}_{\mathcal{T}}]$ (6.49)
. , $\mu=\cos(\theta),$ $\mathcal{T}=3/4t$ . (6.49) Moffatt
Moore .
. (6.47) (6.43) .
$S(t)$ $($ \theta , $t)$
$\frac{\partial h}{\partial t}=-\frac{3}{2}\frac{\partial}{\partial\mu}[(1-\mu^{2})h]+\sum_{n=1}A\infty nn(n+1)Pn(\mu)$ , (6.50)










. $N=50,$ 100, 150, $2\mathrm{o}\mathrm{o}$
, 3 $N=150,350,550,750$ .
, $r$ $0\leq r\leq 1$ 160 .
4 Runge-Kutta .
1 $m=0,$ $N=50$ $($ \theta , $t)$




2 $m=0,$ $N=50,$ $t=2.5$ (6.49) (6.50)
$($ \theta , $t)$ . $\theta=0$












$( t=2.5)$ $N$ (6.50)




3 (6.45) . 4 $m=$
$2,$ $N=750$ $\phi=0$
$(\theta, 0, t)$ $(t=0, \mathrm{o}.5,1.\mathrm{o})$ .
$\phi$ $(\theta, \phi, t)$
, $\cos m\phi$ .
, ,
, ,
. $(\theta, 0, t)=$ $(\theta, \pi, t))$ $(\theta, \pi/2, t)=$
$(\theta, 3\pi/2, t)=-$ $(\theta, 0, t)$ , . ,
, $\pi$
, ,
. Moffatt Moore spike ,
.
5 $m=2,$ $N=150,350,550,750,$ $t=1.0$ (6.45)
$(\theta, \phi, t)$ .
$N\geq 0$ – .
. , , $5\pi/6\leq\theta\leq\pi$
. 6 ,
$(t=1.0)$ $N$ (6.45)




, $m=2$ , Moffatt Moore
spike . [2]
$m=2$ $(\theta=\square )$ ,
, ,
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4. (6.62) $\mathrm{h}$ .
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o(degree)
5. (6.62) $\mathrm{h}$ .
O(degree)
6. 4 $\mathrm{h}$ .
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